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(57)Abstract: 

PURPOSE: To provide a weakly acidic cation exchange body gel which is capable of simultaneously measuring and separating a 
univalent cation and a bivalent cation in a short time and in a high separation and excellent in durability by using an eluent in 
which a special reagent such as complexing agent is not added and to provide a production method thereof simple and good in 
reproducibility. 

CONSTITUTION: The gel is prepared by applying a cured body made of a polyfunctional carboxylic acid and a polyfunctional 
epoxy compd. onto the surface of a porous carrier, and its producing method is provided. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Weak acidic cation exchanger gel which comes to cover the hardened material of a polyfunctional carboxylic-acid 
compound and a polyfunctional epoxy compound on the front face of porous support. 

[Claim 2] The manufacture approach of the weak acidic cation exchanger gel according to claim 1 characterized by distilling off 
this solvent, covering a polyfunctional carboxylic-acid compound and a polyfunctional epoxy compound to porous support, and 
subsequently heating this porous support after distributing a solvent and dissolving a polyfunctional carboxylic-acid compound, a 
polyfunctional epoxy compound, and porous support. 

[Claim 3] The approach using weak acidic cation exchanger gel according to claim 1 as gel for liquid chromatography. 
[Claim 4] The column for liquid chromatography which comes to fill up a chromato-tube weak acidic cation exchanger gel 
according to claim 1 . 

[Claim 5] How to carry out sequential separation of the cation with a chromatography using the eluate which becomes a 
chromato-tube from an acidic solvent using the column for liquid chromatography which comes to fill up weak acidic cation 
exchanger gel according to claim 1. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the weak acidic cation exchanger gel used for the weak acidic cation exchanger 
gel and liquid chromatography which are a cation from a catalyst, water or an organic solvent of a chemical reaction, etc., and 
which are used for removal of Na+, K+ Mg2+, calcium2+ Fe2+. Cu2+. Hg2+, NH4+ etc., for example, especially the weak acidic 
cation exchanger gel used for ion chromatography. 
[0002] 

[Description of the Prior Art] Conventionally, cation exchanger gel is used for removal of the cation the catalyst of a chemical 
reaction, underwater, or in an organic solvent, the filler for liquid chromatography, etc. It is used as a filler for ion exchange 
chromatography or ion chromatography which dissociates as a filler for liquid chromatography especially using the ionic bond of 
the ion exchange group and measurement sample. 

[0003] Ion chromatography is used for the separation analysis of inorganic ion, and has extended greatly **********, such as 
industrial use, such as environmental analysis, food analysis, clinical analysis, boiler water, and semi-conductor industrial water, 
and drugs analysis, from the simplicity in recent years. The ion chromatography which made the cation the measuring object in it 
is used for analysis of a univalent and divalent alkali metal, alkaline earth metal, transition metals, and an amine. 
[0004] Using the bulking agent of strong acid nature as a bulking agent for ion chromatography, a sulfonic group is introduced into 
polymer gel, or, generally what carried out the chemical bond of the propyl sulfonic group to silica gel is known. However, since, 
as for coincidence analysis of a univalent cation and a divalent cation, those eluate conditions completely differed in these types 
of bulking agent, it was impossible. 

[0005] Moreover, if the bulking agent which has a weak acidic carboxylic acid as an ion exchange group is used, it is known for 
the same elution conditions that coincidence analysis of a univalent cation and a divalent cation is possible. However, there was 
big distance in the elution time amount of a univalent cation and a divalent cation, and, comparatively [ with the low separability 
of a univalent cation ], the problem that the measuring time was as long as about 30 minutes was. In order that the introductory 
approach of a carboxyiic-acid radical may introduce into the functional group on the front face of gel at a rate of 1 to 1 , the 
amount of installation is restricted, and this is conjectured to be because for sufficient ion exchange capacity not to be obtained. 

[0006] The cation exchanger which covered the polybutadiene maleic acid to the porous gel which is the acescence as a bulking 
agent which solves the above-mentioned problem is proposed (Chromatographia, Vol.23, No.7, p.465-472). Moreover, the method 
of dividing a univalent cation and a divalent cation into coincidence is proposed by introducing the complexing agent which 
examination of elution conditions using this bulking agent is also performed, and performs an organic acid, a divalent cation, and 
complexing as an eluate (Am. Lab.( Fairfield Conn.) Vol.21, No.5, p.92-101) 
[0007] 

[Problem(s) to be Solved by the Invention] However, since the porous gel which covered this polybutadiene maleic resin had the 
bad adhesion of base gel and polybutadiene maleic resin and its endurance was bad, the handling of gel had the problem that it 
was difficult and lacking in synthetic repeatability. 

[0008] Moreover, when the chromato-tube was filled up with this gel and ion chromatography was performed, the elution time 

amount and the peak number of stages of each ion changed for the above-mentioned reason, it had the problem that the 

measuring pressure force went up, and in order to use together and use an organic acid and a complexing agent as an eluate 

further, it had the problem that high sensitivity-ization by the suppressor method could not be performed. 

[0009] for this reason, the method of introducing a vinyl group into the front face of base gel as a functional group, making it 

react with a polybutadiene maleic acid as an approach of improving the endurance of porous gel, and raising adhesion is proposed 

-- **** (JP.5-96184.A) — When the endurance of porous gel was not enough in this approach, a chromato-tube was filled up 

with this gel, ion chromatography was performed and repeat measurement was performed, the elution time amount and the peak 

number of stages of each ion changed, and it had the problem that the measuring pressure force went up. 

[0010] This invention is made in view of the above-mentioned technical problem, and the purpose is offering the weak acidic 

cation exchanger gel excellent in endurance which can carry out measurement separation of a cation and a divalent cation 

univalent by the short time and high separation at coincidence using the eluate which does not add special reagents, such as a 

complexing agent, and its manufacture approach with simple and sufficient repeatability 

[0011] 

[Means for Solving the Problem] The artificer examined wholeheartedly weak acidic cation exchanger gel and its manufacture 
approach. Consequently, the weak acidic cation exchanger gel which comes to cover the hardened material of a polyfunctional 
carboxylic-acid compound and a polyfunctional epoxy compound on the front face of porous support came to complete a header 
and invention for solving the above-mentioned technical problem. 

[0012] That is. this invention is weak acidic cation exchanger gel which comes to cover the hardened material of a polyfunctional 
carboxylic-acid compound and a polyfunctional epoxy compound on the front face of porous support. 
[0013] This invention is explained below at a detail. 

[0014] The weak acidic cation exchanger gel of this invention is weak acidic cation exchanger gel which comes to cover the 
hardened material of a polyfunctional carboxylic-acid compound and a polyfunctional epoxy compound on the front face of 
porous support. 
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[0015] Although especially the manufacture approach of the weak acidic cation exchanger gel of this invention is not limited, it is 
compoundable with simple and sufficient repeatability by the following approach, for example. A polyfunctional carboxylic-acid 
compound and a polyfunctional epoxy compound are first melted to a common good solvent, and porous support is added and it 
is made to distribute. Then, a solvent is distilled off by approaches, such as atmospheric distillation and vacuum distillation, and a 
polyfunctional carboxylic-acid compound and a polyfunctional epoxy compound are covered to porous support. Next, this porous 
support is heated and the weak acidic cation exchanger gel of this invention is obtained by making a porous carrier surface 
harden a polyfunctional carboxylic-acid compound and a polyfunctional epoxy compound. 

[0016] When the common good solvent of a polyfunctional carboxylic-acid compound and a polyfunctional epoxy compound does 
not exist, it dissolves in the solvent which can dissolve a polyfunctional epoxy compound first, and the back solvent which 
distributed porous support is distilled off. Subsequently, a polyfunctional carboxylic-acid compound is dissolved in a solvent, the 
solvent after distribution is distilled off for the porous support which covered this polyfunctional epoxy compound to this solvent, 
and it is obtained by heating the porous support which covered the polyfunctional carboxylic-acid compound and the 
polyfunctional epoxy compound. 

[0017] The porous support used for this invention is not limited especially if the pressure and chemical environment which start 
at the time of chromatography measurement are borne as the configuration chemical species. For example, porous silica gel, 
porous styrene-divinylbenzene copolymer gel, or polyacrylate gel can be mentioned. Moreover, the shape of a grain of porous 
support has a desirable globular form, and although particle size can use the thing of arbitration, as a bulking agent for ion 
chromatography, a 2 to about 50 micrometers thing is desirable [ particle size ]. 

[0018] It will not limit, especially if it is the compound which has two or more carboxyl groups in 1 molecule as a polyfunctional 
carboxylic-acid compound used for this invention. For example, oxalic acid, a glyceric acid, diglycolic acid, a maleic acid, a tartaric 
acid, A glutaric acid, 1, 3-acetone-dicarboxylic acid, 2-ketoglutaric acid, Aconitic acid, 1, and 1 -cyclobutane dicarboxylic acid, 1 
and 2. 3-propane tricarboxylic acid, An adipic acid, a mucic acid, a pimelic acid, phthalic acids, phthalic anhydride, benzene 
tricarboxylic acid, Pyromellitic acid, pyromellitic dianhydride. butane - 1, 2, 3, 4-tetracarboxylic acid, 1, 6-hexane dicarboxylic 
acid, benzophenone dicarboxylic acid, benzophenone tetracarboxylic acid, Single molecular compounds, such as benzophenone 
tetra carboxyl ic acid anhydride, 1, and 2-cyclohexane dicarboxylic acid, The condensate which has carboxylic-acid radicals, such 
as a polymerization object containing unsaturated carboxylic acid, such as an acrylic acid, a methacrylic acid, a vinyl benzoic acid, 
a maleic acid, and a maleic anhydride, and CM cellulose, polyamic acid, can be mentioned. From the field that covering weight can 
make [ the direction of the compound which has many carboxylic-acid radicals in 1 molecule especially ] it desirable from the 
field of endurance few as for a compound with the low molecular weight per carboxylic-acid radical, it is desirable and, 
specifically, they are 1. 2, 3-propane tricarboxylic acid, benzene tricarboxylic acid, pyromellitic acid, pyromellitic dianhydride, and 
butane. - 1. 2, 3, and 4-tetracarboxylic acid etc. is illustrated as a suitable thing. 

[0019] It will not limit, especially if it is the compound which has two or more epoxy groups in 1 molecule as a polyfunctional 
epoxy compound used for this invention. For example, sorbitol polyglycidyl ether, polyglycerol polyglycidyl ether, Pen 
TAERISURUTO-RUPORI glycidyl ether, diglycerol polyglycidyl ether, Glycerol polyglycidyl ether, trimethylolpropane polyglycidyl 
ether. Neopentyl glycol jig RUSHIJIRUE-Tell, 1. 6 hexanediol diglycidyl ether, **-like aliphatic series epoxy compounds, such as 
polyethylene glycol diglycidyl ether and horse mackerel POIRU acid diglycidyl ester Epoxy phenol novolak resin, such as novolak 
poly glycidyl ether Epoxy cresol novolak resin and cyclohexene-oxide compounds Cyclopentene oxide compounds, triglycidyl tris 
(2-hydroxyethyl) iso SHIARURE-TO. Resorcinol diglycidyl ether, phthalic-acid diglycidyl ester, bisphenol A diglycidyl ether 
bisphenol S jig RUSHIJIRUE-Tell. etc. can be mentioned. **-like aliphatic series epoxy compounds are mentioned as a suitable 
thing preferably [ the compound which has many epoxy groups in 1 molecule especially ] from the field of endurance. 
[0020] The charge of a polyfunctional carboxylic-acid compound, a polyfunctional epoxy compound, and porous support is usually 
below the 200 weight sections in the total amount of a polyfunctional carboxylic-acid compound and a polyfunctional epoxy 
compound to the porous support 1 00 weight section. Moreover, when obtaining required exchange capacity, from the semantics 
which makes the required amount of resin covering small, the ratio of a polyfunctional carboxylic-acid compound and a 
polyfunctional epoxy compound has two or more desirable carboxyl groups per epoxy functional group, and its ten or less 
carboxyl groups per epoxy functional group from the field of the endurance of a covering hardened material are desirable. 
[0021] Although it does not limit especially as a solvent used for this invention, the solvent which can distill off easily and cannot 
react easily with an epoxy compound and a carboxylic-acid compound is desirable. For example, a methanol, ethanol, isopropanol. 
an acetone, a methyl ethyl ketone, dioxane, a tetrahydrofuran, ethyl acetate, ethyl ether, etc. can be mentioned as a suitable 
thing. 

[0022] It is not necessary to use a catalyst and a firm coat is generated on porous support especially at a hardening reaction by 

heating to the temperature to which a carboxylic acid and epoxy can react. Although heating temperature, heating time, etc. have 

a difference according to the class of the polyfunctional carboxylic-acid compound to be used or polyfunctional epoxy compound, 

it is compoundable with sufficient repeatability by usually heating 170 degrees C in 150 to 170 degrees C preferably from 100 

degrees C. The target weak acidic cation exchanger gel can be obtained by the above-mentioned solvent often washing the weak 

acidic cation exchanger gel which heat hardening finished, and washing an unreacted compound. 

[0023] The weak acidic cation exchanger gel of this invention can be used as gel for liquid chromatography. 

[0024] It can be used by it being filled up with this weak acidic cation exchanger gel for using for liquid chromatography at a 

chromato-tube, and considering as a gel column. Although it does not limit especially as a chromato-tube, it is not necessary to 

use the column made of resin, and a common stainless steel column can be used. 

[0025] In the cation analysis by ion chromatography, a special device does not need to be used for the measuring equipment to 
be used, and common equipment can be used for it. 

[0026] The eluate used will not be limited especially if it is the eluate generally used for cation analysis. For example, water 
solutions, such as a tartaric acid, oxalic acid, a citric acid, a lactic acid, a hydroxyl isobutyl acid, a nitric acid, a hydrochloric acid, 
a sulfuric acid, methansulfonic acid, benzenesulfonic acid, and toluenesulfonic acid, or the water solution of those salts is 
mentioned. Moreover, it is also possible to use the mixed solvent of those water solutions and organic solvents as an eluate 
depending on the sample of the measuring object. In coincidence analysis of a univalent cation and a divalent cation, a good 
result can be especially obtained in respect of separability and analysis time amount using a nitric-acid water solution. Moreover, 
as a cation of the measuring object it is disengageabfe in various cations, such as alkali-metal ion. alkaline-earth-metal ion, 
transition-metals ion. and organic amines. 
[0027] 

[Example] Below, an example typical about this invention is explained concretely. In addition, these are the mere instantiation for 
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explanation and it cannot be overemphasized that this invention is not what is restricted to these in any way. 
[0028] The synthetic examples 1 1 and 2, 3.50g of 3-propane tricarboxylic acid, and pentaerythritol-polyglycidyl-ether (DENAKO- 
RU EX-41 1 (trade name) and Nagase& Co.. Ltd.) 2.07g were put into 100ml eggplant mold flask, and methanol 40g was added and 
it dissolved. 5g was added and porous silica gel with 103A [ of average pore size ] and surface area 400m2/g. a particle size [ of 
5 micrometers ]. and a specific gravity of 0.41 g [/ml ] was distributed well at ********. The flask was set to the evaporator and 
the methanol was distilled off at 50 degree C of bus **. The flask was attached to the oil bath set as 160 degrees C, and was 
heated for 1 hour. Gel was taken out from the flask in 200ml flask, and the gel slurry was filtered, after adding 150ml of methanols 
and distributing well with scrambling at ********. Distribution and washing by filtration were repeated 3 times using the 
methanol, the solvent was changed to 0.1 -N hydrochloric-acid water solution, distribution with ultrapure water was obtained for 
distributed filtration, and repeat weak acidic cation exchanger gel was obtained once for filtration 3 times. When carbon content 
was measured for the obtained weak acidic cation exchanger gel by elemental analysis, it was 34.1 % of the weight. Moreover, 
when exchange capacity was measured in the 0.5-N NaOH water solution, it was 0.93 meq/ml. Moreover, since specific gravity 
was increasing [ ml ] in 0.76g /, it turned out that resin is covered by silica gel support at altitude. 

[0029] Weak acidic cation-exchange gel was compounded like the example 1 except having changed into synthetic example 21 
and 2, 4.20g [ of 3-propane tricarboxylic acid ], and pentaerythritol-polyglycidyl-ether 2.48g. Carbon content and exchange 
capacity were measured like the example 1. Carbon content was 36.7 % of the weight, and exchange capacity was 1.04 meq(s)/ml. 
Moreover, specific gravity was 0.82g/ml. 

[0030] Weak acidic cation-exchange gel was compounded like the example 1 except having changed synthetic example 3 porosity 
support into with 170A [ of average pore size ], and surface area 415m2/g, particle-size [ of 5 micrometers ], and a specific 
gravity of 0.23g [/ml ] porosity silica gel 5g. Carbon content and exchange capacity were measured like the example 1. Carbon 
content was 33.0 % of the weight, and exchange capacity was 1.27 meq(s)/ml. Moreover, specific gravity was 0.41 g/ml. 
[0031] Weak acidic cation-exchange gel was compounded like the example 2 except having changed synthetic example 4 porosity 
support into styrene-divinylbenzene copolymerization gel with a void content [ 0.62 ] and a bulk specific gravity of 0.28g [/ml ]. 
When exchange capacity was measured like the example 1, exchange capacity was 1.13 meq(s)/ml. Moreover, specific gravity was 
0.51 g/ml. 

[0032] Weak acidic cation-exchange gel was compounded like the example 1 except having changed synthetic example 5 porosity 
support into polymethacrylate system gel with a void content [ 0.68 ] and a bulk specific gravity of 0.25g [/ml ], and having 
changed into 4.2g of 1, 2, and 3-propane tricarboxylic acid, and pentaerythritol-polyglycidyl-ether 2.0g. When exchange capacity 
was measured like the example 1, exchange capacity was 1.97 meq(s)/ml. Moreover, specific gravity was 0.48g/ml. 
[0033] Novolak poly glycidyl ether 2.55g (ECON-102S (trademark) Nippon Kayaku make) is put into 100ml eggplant mold flask for 
a synthetic example 6 polyfunctional epoxy compound, and acetone 40ml is added and it dissolves. 5g was added and 103A [ of 
average pore size ] arid surface area 400m2/g and porous silica gel with a particle size of 5 micrometers were distributed well at 
********. The fla sk was set to the evaporator, it was set as 50 degree C of bus **, and the acetone was distilled off. Next, 3.50g 
of 1, 2, and 3-propane tricarboxylic acid was put into this flask, 40g was added, the methanol was dissolved, and gel was 
distributed well. The flask was set to the evaporator and the methanol was distilled off at 50 degree C of bus **. The flask was 
attached to the oil bath set as 160 degrees C, and was heated for 1 hour. Gel was taken out from the flask in 200ml flask, and 
the gel slurry was filtered, after adding 150ml of methanols and distributing well with scrambling at ********. Distribution and 
washing by filtration were repeated 3 times using the methanol, the solvent was changed into the acetone, distribution and 
washing by filtration were repeated 3 times, the solvent was changed to 0.1 -N hydrochloric-acid water solution, distribution with 
ultrapure water was obtained for distributed filtration, and repeat weak acidic cation exchanger gel was obtained once for 
filtration 3 times. Carbon content and exchange capacity were measured for the obtained weak acidic cation exchanger gel like 
the example 1. Carbon content was 36.4 % of the weight, and exchange capacity was 0.87 meq(s)/ml. Moreover, specific gravity 
was 0.79g/ml. 

[0034] Synthetic example 7 pentaerythritol-polyglycidyl-ether 2.43g is put into 100ml eggplant mold flask, and benzene 40ml is 
added and it dissolves. It was easy to add 3.82g of pyromellitic dianhydride, and it was stirred. 5g of silica gels of an example 1 
was added as porous support, and it distributed well at ********. The flask was set to the evaporator and benzene was distilled 
off at 50 degree C of bus **. The flask was attached to the oil bath set as 1 60 degrees C, and was heated for 1 hour. Gel was 
taken out from the flask in 200ml flask, and the gel slurry was filtered, after adding 150ml of benzene and distributing well with 
scrambling at ********. Distribution and washing by filtration were repeated 3 times using the methanol, the solvent was 
changed to 0.1 -N hydrochloric-acid water solution, distribution with ultrapure water was obtained for distributed filtration, and 
repeat weak acidic cation exchanger gel was obtained once for filtration 3 times. Carbon content and exchange capacity were 
measured like the example 1. Carbon content was 42.7 % of the weight, and exchange capacity was 0.95 meq(s)/ml. Moreover, 
specific gravity was 0.87g / ml. 

[0035] Based on the approach of a publication, the following composition was performed to synthetic example 8 JP,5-96184,A. 
[0036] 10g was put [ 103A / of average pore size /. and surface area 400m2/g, and porous silica gel with a particle size of 5 
micrometers ] into 200ml three necked flask for 5g, toluene 100ml was added, and it distributed well by ******** this gel 
solution — TORIKURORO vinylsilane 4ml — in addition, the solution which diluted pyridine 2ml with toluene 20ml was dropped. It 
filtered, after stirring then overnight and it washed in order of toluene 100ml, methanol 100ml. and 100ml of ultrapure water, and 
reduced pressure drying was carried out. When the carbon content of the obtained silica gel was measured by elemental analysis 
it was 5.26 % of the weight. 

[0037] The polybutadiene-maleic acid (the product made from Poly.Sci., molecular weight 15000) was dissolved in 3g. dicumyl 
peroxide was dissolved in 0.1 2g and a methanol, and the 5g of the above-mentioned silanizing silica gels was distributed. Then, 
the methanol was distilled off in the evaporator. It put into the oven which carried out the nitrogen purge of the obtained 
covering gel. and heated at 1 80 degrees C for 4 hours. The gel which carried out heat hardening was distributed in the methanol, 
and washing filtration was performed. Carbon content and exchange capacity were measured like the example 1 . Carbon content 
was 39.0 % of the weight, and exchange capacity was 1.01 meq(s)/ml. 

[0038] Ultrapure water was added, weak acidic cation exchanger gel compounded in the example 1 of example 1 composition was 
made into the gel slurry of concentration 6% of the weight, and the 4.6mm phixlOcm SUTENRE column was used and filled up 
with ultrapure water. The standard cation sample was measured for the obtained gel column using the following equipment and 
elution conditions. 
[0039] 

Equipment Pump: CCPM-II (TOSOH CORP.) 
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eluate: — 1.5mM nitric-acid rate-of-flow: — 0.8 ml/min KARAMUO-BUN: — CO-8020 (TOSOH CORP.) 
Laying temperature 40 degree-C automatic sampler: AS-8020 (TOSOH CORP.) 
SAMPURURU-PU: — 25microl detector: — CM-801 0 (TOSOH CORP.) 
Sensibility setup FS=20microS system controller: SC-8020 (TOSOH CORP.) 

Standard cation sample: The analysis result of Li+2ppm, 4+10 ppm of Na+10ppmNH(s), 2+10 ppm of K+20ppmMg(s), and a 
calcium2+20 ppm standard cation is shown in drawin g 1 , and the elution time amount and the number of stages of each cation 
are shown in Table 1. 
;0040] 
Table 1] 















Li 


fii 


NH.t 


X 


»K 


Ca I 


Li 


Ni 


NH 4 


I 


Hi 


Ca 




1. 5nS HN0 3 


2. 33 


2. 73 


3. 06 


3. 56 


8. 09 


9. 68 


1959 


2219 


2516 


3326 


1851 


1411 




]. 7bU BNO3 


2. 16 


2. 62 


2. 97 


3. 67 


6. It 


7. 85 


1895 


2274 


2594 


3442 


1463 


955 




2. SdX HHO, 


2. 15 


2. TO 


3. 12 


3. 95 


6. 51 


8. 47 


2060 


2628 


3197 


4089 


1686 


1303 


V#/ t*: A 


4 r\_u DUA 

2, OmH HHOj 


!. 09 


2. 60 


a. 04 


3. 78 


6. 85 


8. 32 


1421 


1915 


2427 


3614 


1377 


1198 




1. OnU HNO? / HeOB (SO/20) 


2. 14 


2. 61 


2. 87 


3. 56 


5. 39 


6. 88 


1758 






34 90 


2129 


1802 


mm n & 


1. 5oU MO* 


2. IS 


2. 52 


2. 79 


3. 30 


9. 61 


11. 3T 


1123 


1434 


1935 


2 3 7 1 


1212 


832 


nmm 


1. JoM RNO3 


2. 20 


2. 54 


2. 63 


3. 33 


9. 10 


10. (9 


1338 


1394 


1880 


2294 


1447 


1037 




1. TmM RROi 


L 21 


2. 45 


2. 76 


3. 40 


3. 62 


10. 14 


1515 


1728 


2253 


3003 


1377 


937 




2. QmH HKO3 


2. 10 


2. 54 


2. 89 


3. 53 


6. 46 


S. 09 


1604 


1914 


2339 


2759 


1267 


95D 



[0041] It turns out that the peak of each cation has fully dissociated from drawing 1 , and analysis also ends the measuring time 
for less than 10 minutes and a short time. 

[0042] Next, durability test which measures a correlation sample repeatedly every 20 minutes was performed. As a result, change 
of the elution time amount of each cation is shown in drawing 2 , and change of the number of stages of each peak is shown in 
drawing_3 . Drawing 2 and drawing 3 showed having endurance even with after [ practically sufficient / the gel column of an 
example 1 / since an elution location and a peak number of stages are not changing most ] 500 repeat measurement 
[0043] The column was filled up with the weak acidic cation exchanger gel compounded in the example 2 of example 2 
composition like the example 1, and the standard cation sample was measured by the same approach as an example 1 except 
having changed the eluate into HN03 water solution of 1 .7mM(s). It is shown doubling the elution time amount and the number of 
stages of each cation with Table 1. As for this gel column, still higher separability was obtained as compared with the gel column 
of an example 1. 

[0044] The column was filled up with the weak acidic cation exchanger gel compounded in the example 3 of example 3 
composition like the example 1, and the standard cation sample was measured by the same approach as an example 1 except 
having changed the eluate into HN03 water solution of 2.5mM(s). It is shown doubling the elution time amount and the number of 
stages of each cation with Table 1. As for this gel column, higher separability was obtained as compared with the gel column of 
an example 1. It turned out that analysis of high separation can be performed by changing the pore size of porous support from 
this result. 

[0045] The column was filled up with the weak acidic cation exchanger gel compounded in the example 4 of example 4 
composition like the example 1, and the standard cation sample was measured by the same approach as an example 1 except 
having changed the eluate into HN03 water solution of 2.0mM(s). The analysis result of a standard cation is doubled with drawing 
4 , the elution time amount and the number of stages of each cation are doubled with Table 1, and it is shown. Even if it changed 
base gel from these results, it turned out that separation equivalent to an example 1 is acquired. 

[0046] Next, durability test which measures a correlation sample repeatedly every 20 minutes was performed. As a result, change 
of the elution time amount of each cation is shown in drawin g 5 , and change of the number of stages of each peak is shown in 
drawing jji . As for drawin gJS and drawing 6 . since an elution location and a peak number of stages were not changing most, after 
1000 repeat measurement showed that gel with sufficient endurance was obtained, even if it used the support which does not 
contain in a carrier surface at al! the functional group covering resin and a reaction are assumed to be. 

[0047] The standard cation sample was measured by the same approach as an example 1 using the column filled with example 5 
example 4 except having changed the eluate into the HN03/methanol (80/20) of 2.0mM(s). The analysis result of a standard 
cation is doubled with drawin g 7 , the elution time amount and the number of stages of each cation are doubled with Table 1. and 
it is shown. Although the separability between Na-ammonium ion was falling since change of the elution location of ammonium ion 
differed from change of the elution location of other inorganic cations as compared with an example 4, it turned out that the 
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separability between inorganic ton is not falling. This result showed that sufficient separability could be obtained even if it adds an 
organic solvent to an eluate. 

[0048] The column was filled up with the weak acidic cation exchanger gel compounded in the example 5 of example 6 
composition like the example 1, and the standard cation sample was measured by the same approach as an example 1 except 
having changed the eluate into HN03 water solution of 1 .5mM(s). It is shown doubling the elution time amount and the number of 
stages of each cation with Table 1. This result showed that sufficient separability was obtained even if it changes base gel. 
[0049] The column was filled up with the weak acidic cation exchanger gel compounded in the example 6 of example 7 
composition like the example 1, and the standard cation sample was measured by the same approach as an example 1 except 
having changed the eluate into HN03 water solution of 1 .3mM(s). It is shown doubling the elution time amount and the number of 
stages of each cation with Table 1 . This result showed that the compound of the range large as a polyfunctional epoxy compound 
could be used. 

[0050] The column was filled up with the weak acidic cation exchanger gel compounded in the example 7 of example 8 
composition like the example 1 , and the standard cation sample was measured by the same approach as an example 1 except 
having changed the eluate into HN03 water solution of 1 JmM(s). It is shown doubling the elution time amount and the number of 
stages of each cation with Table 1. This result showed that the compound of the range large as a polyfunctional carboxylic-acid 
compound could be used. 

[0051] Gel compounded in the example 8 of example of comparison 1 composition was made into 6% of the weight of the 
ultrapure water slurry, and the 4.6mm phixlOcm column was used and filled up with ultrapure water. The gel column was 
evaluated like the example 1 except having used the 2.0mM nitric acid for the eluate. 

[0052] The analysis result of a standard cation is doubled with drawing 8 , the elution time amount and the number of stages of 
each cation are doubled with Table 1 , and it is shown. The peak of each cation was fully separated. 

[0053] Then, durability test which measures a correlation sample repeatedly every 20 minutes next was performed. As a result, 
change of the elution time amount of each cation is shown in drawing 9 , and change of the number of stages of each cation is 
shown in drawin g 10 . After 50 repetitions, since the number of stages was falling rapidly, drawing 10 showed that endurance was 
remarkably inferior in this gel column compared with the gel column of an example. . 

[0054] Moreover, when the eluate was changed into HN03 / methanol of 2.0mM(s) (80/20) and analysis of a standard cation was 

tried, elution behavior changed for every measurement and the number of stages of each KACHIOMPr-KU fell rapidly 

[0055] 

[Effect of the Invention] Its endurance is very high from the polyfunctional carboxylic-acid compound and the polyfunctional 
epoxy compound carrying out three-dimensions bridge formation firmly, and the weak acidic cation exchanger gel of this 
invention has little change of change of the elution time amount of a measurement sample, a peak configuration, etc., when it 
uses for liquid chromatography. Moreover, there is no limit in the porous support used from it not being necessary to build 
chemical association between covering resin and porous support. Consequently, ** : When various porous support can be used 
and it uses for liquid chromatography, porous support with large endurance is chosen to an eluate. ** which becomes possible 
[ choosing the small porous support of a measurement sample and an interaction ] : change the pore size of the porous support 
used as a univalent cation and gel for divalent cation coincidence analysis, or ** which becomes possible [ realizing selectivity of 
arbitration by changing the amount of resin covering ] : as an eluate ** which becomes possible [ that it is not necessary to use 
a special complexing agent, can use a nitric acid, and it is adapted for suppressor mold ion chromatography ] : from having 
sufficient separability and endurance, even if it adds an organic solvent in an eluate The thing which the application range of 
cation analysis ion chromatography spreads further, such as being applicable also to analysis of the cation kind in a nonaqueous 
solution, is expectable. 



[Translation done.] 
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